Dislocations in perovskite oxides have important impacts on their physical and chemical properties, which are determined by their unique atomic environments. In the present study, the structure of dislocations in a 10° low-angle grain boundary of SrTiO 3 (STO) is characterized by spherical aberration corrected scanning transmission electron microscopy (Cs-STEM) and spectroscopy. In contrast to previous studies, the deficiency instead of enrichment of titanium (Ti) is observed at the dislocation cores mainly due to the Sr substitution and under occupancy of Ti. The presence of oxygen vacancies and partially reduced Ti are also detected at the Ti deficient dislocations cores. These findings indicate the atomic structure of dislocations can be very different even they have the same Burges vectors.
Introduction
Dislocations that ubiquitously exist in crystal materials and devices can be manipulated to realize peculiar physical or chemical properties [1] [2] [3] , including unique electronic and ionic transportation properties 4, 5 , switchable resistance 6, 7 , ferroelectric polarization suppression and ferroelectric domain wall pinning 8, 9 , enhancement of current densities in superconducting conductors 10, 11 and low-field magnetoresisitance in magnetic films 12 . Therefore, it's of great importance to discover the atomic structure and subsequently control the properties of the dislocations. Since low-angle bicrystal structure with grain boundary (GB) consists of regulable and periodic dislocation arrays, bicrystal engineering provides a very useful pathway to design dislocations with controllable structure and properties by changing tilt angle and elemental doping. Many efforts have been made to fabricate bicrystals and reveal their physical and chemical properties [13] [14] [15] [16] [17] [18] [19] . Among of them, SrTiO 3 (STO) bicrystals have been studied extensively as a model system for perovskite structure 20, 21 .
Generally, the fabrication of STO bicrystals experiences heat treatments under a uniaxial load in air 22, 23 . In this circumstance, the dislocation cores in the grain boundary plane are usually found to be Ti rich 22, 24 . In fact, in the electroceramic STO, the Ti rich dislocation cores leading to positively charge dislocations can explain many interesting physical phenomena on the electrical activities such as the presence of space charge layer 25 and enhanced ionic conductivities 26, 27 . The formation of Ti enrichment is believed to originate from the generation of Sr vacancies at high temperature and tensional stress at the dislocation cores induced a transition of TiO 6 octahedrons from corner sharing to edge sharing 23, 28, 29 From the quantitative energy dispersive X-ray spectroscopy (EDS) measurements, the ratio of Sr and Ti is 0.83:0.71 for the dislocation core A, and 0.88:0.67 for the core B compared to 1:1.02 in the bulk (ideally it should be 1:1 as a perovskite structure).
Also, at the dislocation cores, the Ti is partially reduced from Ti 4+ to Ti 3+ due to the presence of oxygen vacancies, which has different electronic structures compared with the bulk region. The detailed information of atomic structure and chemistry is helpful to understand the electrical and ionic properties in these materials containing the dislocations and also provides valuable insights into prediction and design of dislocations and grain boundaries by controlling the sample treatment process.
Results and Discussions
Figure 1 
where θ is the tilt angle (θ=10°) and │b│ the modulus of the Burgers vector (│b │= 0.3905 nm). Figure 1 properties and other physical properties, which needs further studies in future.
Summary
In summary, we study the atomic structure and chemistry of dislocations cores in 10° SrTiO 3 bicrystal that was fabricated at high temperature in N 2 . The atomic arrangements and elemental occupancy are determined by Z-contrast imaging and atomically resolved EDS measurements. We find that the dislocation cores are Ti deficient, which is in contrast with previous studies of Ti richness at the dislocation 6 cores. The Ti deficiency is mainly due to the under occupancy of Ti columns in the core regions. At the same time, some Sr atoms partially occupies at the Ti columns, which is another reason for the Ti deficiency. Moreover, the presence of O vacancy and reduced Ti from Ti 4+ to Ti 3+ are also confirmed at the dislocation cores from the EELS measurement. Our finding of Ti deficient dislocations suggests the atomic structure and chemistry of dislocations significantly depends on the fabrication process (i.e. heating treatment in N 2 in our study vs air in previous studies), providing valuable insights into understanding the relation between structure and properties for crystal defects. The ability to control the atomic structure and chemistry of dislocations/grain boundaries by bi-crystal fabrication also paves ways to design specific defects with unique properties. 
